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1. Introduction 
The high mobility group (HMG) non-histone 
chromosomal proteins have been studied in detail 
during the past few years, 4 of these proteins, HMGl , 
2,14 and 17, having been isolated in a pure form from 
mammalian tissues [l-4]. Studies on these HMG 
proteins reveal that they are widely distributed; not 
only have they been isolated from a variety of mam- 
malian tissues [ 1 ,5] but also from the transcription- 
ally inactive chicken erythrocyte [6,7]. Trout testis 
[8-ll],insects [12,13],yeast [14,15] andwheatgerm 
[ 141 have also been shown to contain similar proteins. 
In the case of trout testis, two I-BIG-like proteins 
have so far been described by Dixon and co-workers. 
These are: (a) the protein called HMG-T which is 
similar, but not identical, to calf thymus HMGl and 
HMG2 in its amino acid analysis and N-terminal 
sequence [9 ,161; (b) the protein H6, originally 
classified as a histone [lo], which is similar to calf 
thymus HMG14 and HMG17 in ammo acid analysis 
and N-terminal sequence [ 11 ,17,18]. The question 
arises as to whether these differences in the comple- 
ment of HMG proteins in the two tissues (trout testis 
and calf thymus) are due to tissue or species pecificity 
(or both). We have, therefore, analysed the HMG-like 
proteins in another trout tissue, liver, in an attempt 
to answer this question. 
2. Materials and methods 
2.1. Preparation of trout liver HMG proteins 
The livers of rainbow trout were collected immedi- 
ately after the death of the trout, and were rapidly 
frozen in liquid nitrogen. HMG proteins together with 
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histone Hl were extracted from the tissue with 5% 
perchloric acid (PCA), followed by fractional acetone 
precipitation to separate HMG proteins from histone 
Hl as in [ 191. HMG proteins were also isolated from 
purified nuclei as follows. All buffers contained 0.5 mM 
phenylmethyl sulfonylfluoride. Trout liver (50 g) was 
blended with 0.25 M sucrose in TKMC buffer (10 mM 
Tris-HCl (PH 7.5), 2.5 mM KCl, 1.5 mM MgCl? and 
3 mM CaC&) containing 0.1% Triton X-100. The 
homogenate was filtered through surgical gauze and 
centrifuged for 15 min at 2000 X g. The pellet was 
suspended in 1.8 M sucrose in TKMC buffer, layered 
over 2.2 M sucrose, TKMC buffer, and centrifuged for 
1 h at 30 000 X g. The nuclear pellet was washed once 
with the buffer and then extracted with 5Y0 PCA as 
above. 
2.2. CM-Sephadex C-25 column chromatography 
Fractionation of total HMG protein obtained from 
the PCA extraction of trout liver tissue was carried out 
on a CM-Sephadex C-25 column (2.5 X 27 cm) at 
pH 9.0 as in [ 51 except that the salt gradient (700 ml) 
was 0.13-I .2 M NaCl. 
2.3. Preparative SDS-gel electrophoresis 
Trout liver total HMG protein (5 mg) was separated 
on an SDS 15% polyacrylamide gel slab [21]. The gel 
was stained (1 h) with Coomassie blue. After destain- 
ing, the putative HMGT band was excised and extracted 
(6 h, 4’C) with 66% acetic acid 20. After removing 
gel particles by centrifugation and filtering, the sample 
was dialysed against 0.3 N HCl, precipitating the 
protein-Coomassie complex. This was collected by 
centrifugation, washed out with acetone-O.1 N HCl 
(6: 1, v/v) to remove the dye, washed with acetone 
and dried. 
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3. Results 
Figure 1 shows the SDS-gel electrophoretic anal- 
ysis of PCAextracted proteins from: (a) pig thymus 
tissue; (b) trout liver nuclei; (c) trout liver tissue. It 
can be seen that apart from histone Hl the nuclei 
have 4 main components labelled C, D, E and T which 
are present in the total tissue extract. The additional 
protein in the nuclear extract running just ahead of 
Fig.1. SDS-polyacrylamide gel electrophoresis [21] of: (a) 
pig thymus HMG proteins; (b) trout liver nuclear HMG pro- 
teins; (c) PCA-extracted proteins from trout liver tissue. 
Fig.3. SDS-polyacrylamide gel electrophoretic analysis of 
trout liver fractions A-E obtained from the CM-Sephadex 
column (fg.2): (a) pig thymus HMG proteins; (b) trout liver 
PCA-extracted proteins; (A-E) proteins A-E of the column. 
the thymus HMG17 position is an HI degradation 
product. The band running ahead of E and the band 
running just behind E in the total tissue extract may 
not be nuclear proteins and are not discussed further 
here. 
The trout liver proteins extracted from the whole 
tissue were fractionated by CM-Sephadex chromato- 
graphy (fig.2). The proteins of interest, i.e., those of 
nuclear origin, elute in fractions C-E (fig.3). (Protein 
T elutes as a minor component in fraction B.) The 
Fmction No. 
Fig.2. Cm-Sephadex ion-exchange column chromatography of trout liver HMG proteins: (--_) A ft,, ; (- - - - - - - - 1 Nail gradient. 
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Table 1 
The ammo acid compositions (% mol) of trout liver proteins C, D, E and T, compared 
with the amino acid analyses of trout testis histone H6 and HMG-T [9,10] and calf 
thymus HMG14 and HMG17 [l] 
Ammo Trout liver Trout testis Calf thymus 
acids 
C D E T H6 HMG-T HMG14 HMG17 
Asp 6.0 8.0 6.1 10.1 6.7 11.3 8.1 12.0 
Thr 2.6 4.1 1.6 4.6 1.6 3.0 4.2 1.2 
Ser 4.4 4.3 5.1 8.8 5.6 4.5 7.8 2.3 
Glu 23.8 21.9 6.6 7.3 6.1 9.1 17.1 10.5 
Pro 10.9 8.4 10.0 8.2 12.3 7.6 8.5 12.9 
GIY 2.8 3.3 6.2 10.3 7.4 17.4 6.5 11.2 
Ala 16.0 16.6 26.5 11.3 25.4 8.3 14.5 18.4 
Val 4.2 2.5 4.2 3.9 3.4 3.8 4.2 2.0 
Cys _ _ - - - 0.8 0.7 - 
Met 0.1 0.3 - 1.6 - 1.9 - - 
Ile 0.6 - - 1.3 - 1.5 0.5 _ 
Leu 0.8 1.0 1.2 2.6 1.2 2.6 2.0 1.0 
Tyr 0.2 - _ 1.8 - 2.3 0.4 _ 
Phe 0.1 0.1 - 2.9 - 3.4 0.6 - 
Lys 19.6 23.7 23.4 17.1 23.1 15.5 19.0 24.3 
His 0.2 0.9 - 1.2 - 0.4 0.3 - 
Ar8 4.6 4.2 8.6 6.4 7.2 5.3 5.6 4.1 
amino acid analyses of these 3 proteins are given in 
table 1 together with analyses of trout testis H6 [lo], 
trout testis HMG-T [9], and calf thymus HMG14 and 
17 [ 11. It can be seen that protein E has a very similar 
composition to that of trout testis H6. It also has the 
same mobility on SDS and acetic acid gels as purified 
testis H6 (not shown). Thus protein E from liver is the 
same protein as trout testis H6 described in [lo]. 
The amino acid compositions of proteins C, D are 
very similar to one another and resemble the mam- 
malian proteins HMG14 and HMG17. Also, on SDS- 
polyacrylamide gels they have similar mobilities to the 
mammalian HMGl4 and HMG17 (fig.l,3). These two 
proteins run closely together on acetic acid poly- 
acrylamide gels in the thymus HMG14 position (see 
fig.5). Proteins C and D have not been described before 
in trout. To verify that they are indeed I-BIG proteins 
the amino acid sequences are currently being deter- 
mined and preliminary results show an N-terminal 
sequence of Pro-Lys-Arg-Lys- for protein D, and 
Pro-Lys-Arg-Ala- for protein C. The sequences of 
mammalian HMG14, HMG17 (and trout testis H6) all 
start Pro-Lys-Arg-Lys [11,17,18]. These results 
show that rout proteins C, D are very similar to the 
mammalian HMG14 and 17 proteins. 
The fourth HMG protein (T) was more difficult to 
isolate and was finally prepared by preparative gel 
electrophoresis. The electrophoretic analysis of the 
purified protein is shown in fig.4. The protein runs as 
a doublet in the thymus HMG2 position. Since trout 
testis HMG-T runs in this position [9] it suggests that 
this liver protein is HMG-T. The ammo acid analysis 
of liver protein T (table 1) is indeed similar to the 
analysis of testis HMG-T in [9]. It differs somewhat 
in its glycine and serine contents, though. 
To compare the above liver proteins with those in 
trout testis, HMG proteins were prepared from trout 
testis by PCA extraction of the tissue and analysed by 
electrophoresis (f&S). It can be seen that the trout 
testis electrophoretic pattern of bands is very similar 
to that of trout liver. Thus one can see bands running 
in the positions of I-IMG-T, H6 and the liver CM-Sep- 
hadex fractions C, D. On SDS gels (not shown) trout 
testis HMG-T protein runs as a doublet like the liver 
HMG-T even after extensive reduction with mercapto- 
ethanol. 
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Fig.4. SDS-polyacrylamide gel electrophoresis of trout liver 
protein T prepared by preparative gel electrophoresis: (a) 
pig thymus total HMG; (b) trout liver PCA-extracted protein; 
(c,d) trout liver protein T from two preparations. 
4. Discussion 
Proteins belonging to the HMG class have been 
isolated from trout liver and 4 components identified. 
Two of these proteins, the CM-Sephadex fraction E 
and the HMG protein with the lowest electrophoretic 
mobility prepared by preparative gel electrophoresis, 
appear to be similar to two of the proteins described 
in trout testis, proteins H6 and HMG-T, respectively 
[9,10]. Protein H6 from the two tissues are nearly 
identical as regards electrophoretic mobility and 
ammo acid composition, but the HMG-T proteins 
from the two tissues may differ in their glycine and 
serine contents. 
Fig.5 Acetic acid polyacrylamide g l electrophoresis [ 221 of: 
(a) pig thymus HMG proteins; (b) trout liver PCA-extracted 
proteins; (c) trout testis PCA-extracted proteins. (The material 
running at the bottom of the gel is protamine.) 
As far as species specificity is concerned, it has 
become apparent from this work and [8,10] that 
although calf and trout have similar HMG proteins, 
they do differ in number and composition (see sec- 
tion 1). It has been suggested (on the basis of the 
similarities outlined in section 1) that trout H6 is 
functionally analogous to HMG14 and HMG17 in 
calf [l]. This may not be the case in view of the 
findings reported here that trout liver and testis have 
two other proteins, the CM-Sephadex fractions C, 
D, with ammo acid compositions and N-terminal 
sequences imilar to HMG14 and HMG17 and with 
electrophoretic mobilities that are more like HMG14 
and HMG17. This raises the possibility that fractions 
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C, D in trout correspond to mammalian HMC14/ 
HMG17 and that H6 is truly trout-specific or present 
in mammals but has remained undetected. So far we 
have not found an H6 molecule in calf tissues. The 
relationship between these proteins is unclear and 
will remain so until the sequences of the proteins in 
question have all been determined, but the most 
likely explanation at the present is that H6 corre- 
sponds to HMG17 and proteins C, D both correspond 
to HMG14 (i.e., proteins C, D are HMG14 variants). 
Acknowledgements 
The authors wish to thank Dr J. R. B. Hastings for 
the amino acid analyses. This work was supported by
grants to the Chester Beatty Research Institute 
(Institute of Cancer Research: Royal Cancer Hospital) 
from the Medical Research Council and the Cancer 
Research Campaign. Azra Rabbani acknowledges a 
grant from the Ministry of Science in Iran. 
References 
[l] Goodwin, G. H., Walker, J. M. and Johns, E. W. (1979) 
In: The CelI Nucleus (Busch, H. ed) vol. 4, Academic 
Press, New York. 
[ 21 Goodwin, G. H., Nicolas, R. H. and Johns, E. W. (1975) 
Biochim. Biophys. Acta. 405, 280-291. 
[3] Goodwin, G. H., Rabbard, A., Nicolas, R. H. and Johns, 
E. W. (1977) FEB.9 Lett. 80,413-416. 
[41 
[51 
[61 
[71 
VI 
PI 
1101 
[Ill 
1121 
[I31 
Sanders, C. (1977) Biochem. Biophys. Res. Commun. 
78,1034-1042. 
Rabbani, A., Goodwin, G. H. and Johns, E. W. (1978) 
Biochem. J. 173,497-505. 
Rabbani, A., Goodwin, G. H. and Johns, E. W. (1978) 
Biochem. Biophys. Res. Commun. 81, 351-358. 
Sterner, R., Boffa, L. C. and Vidali, G. (1978) J. Biol. 
Chem. 253, 3830-3836. 
Marushige, K. and Dixon, G. H. (1971) J. Biol. Chem. 
246,5799-5805. 
Watson, D. C., Peters, E. H. and Dixon, G. H. (1977) 
Eur. J. Biochem. 74, 53-60. 
Wigle, D. T. and Dixon, G. H. (1971) J. Biol. Chem. 
246,5636-5614. 
Watson, D. C., Wong, N. C. W. and Dixon, G. H. (1979) 
Eur. J. Biochem. 95,193-202. 
Alfageme, C. R., Rudkin, G. T. and Cohen, L. H. (1976) 
Proc. Natl. Acad. Sci. USA 73,2038-2042. 
France, L., Montero, F. and Rodriguez-Molina, J. J. 
(1977) FEBS Lett. 78, 317-320. 
[14] Spiker, S., MardIan, J. K. W. and Isenberg, I. (1978) 
Biochem. Biophys. Res. Commun. 82,129 -135. 
[15] Sommer, A. (1978) Molec. Gen. Genet. 161, 323-331. 
[ 161 Walker, J. M., Goodwin, G. H., Johns, E. W., Wietzer, 
P. and Gaastra, W. (1977) Int. J. Pep. Res. 9, 220-223. 
[ 171 WaIker, J. M., Hastings, J. R. B. and Johns, E. W. (1977) 
Eur. J. Biochem. 76,461-468. 
[ 181 Walker, J. M., Goodwin, G. H. and Johns, E. W. (1979) 
FEBS Lett. 100,394-398. 
[ 191 Sanders, C. and Johns, E. W. (1974) Biochem. Sot. 
Trans. 2,547-550. 
[ 201 Bernabeu, C., Conde, F. P. and Vazquez, D. (1978) 
Anal. Biochem. 84,97-102. 
[21] Laemmli, U.K. (1970) Nature 227,680-685. 
[ 221 Johns, E. W. (1969) J. Chromatog. 42, 152-153. 
298 
